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We experimentally investigate interference effects in transport across a single incompressible strip 
at the edge of the quantum Hall system by using a Fabry-Perot type interferometer. We find 
the interference oscillations in transport across the incompressible strips with local filling factors 
v c = 1,4/3, 2/3 even at high imbalances, exceeding the spectral gaps. In contrast, there is no sign 
of the interference in transport across the principal Laughlin v c = 1/3 incompressible strip. This 
indicates, that even at fractional v c , the interference effects are caused by "normal" electrons. The 
oscillation's period is determined by the effective interferometer area, which is sensitive to the filling 
factors because of screening effects. 
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I. INTRODUCTION 

Interference phenomena in semiconductors have re- 
cently attracted considerable interest^'^ 5 -. A special 
and very exciting topic is the interference in the fractional 
quantum Hall (QH) regime. This regime is characterized 
by a strong electron-electron interaction, which leads to 
the formation of a new ground state with unique physi- 
cal properties' 7 -'. Interference oscillations were used to 
probe the fractional charge of the excitations and the 
fractional statistics in the FQHE regime 2 -. 

In most experiments, the interference scheme was real- 
ized by using the edge state transport. Current-carrying 
edge states are arising at the sample edge at the inter- 
sections of the Fermi level and distinct Landau levels. 
Split-gates are used to bring two different edge states 
into contact in two regions, called as quantum point con- 
tacts (QPC} 1 * 2 -". While moving along the edge state, 
the possible electron's path is divided into two at the 
first QPC, which are further reconnected at the second 
QPC. Sweeping of the magnetic field allows to vary the 
phase difference between these two paths by penetrat- 
ing a flux quantum through the effective interferometer 
area. It produces the interference oscillations of the cur- 
rent through the device 1 -^'^. 

The real sample edge potential is smooth, which 
gives rise to the compressible-incompressible strips for- 
mation—. Landau levels are pinned to the Fermi level 
in some regions (compressible strips), while the local fill- 
ing factor v c is constant in others (incompressible ones). 
This picture is especially applicable to the electrostatic 
potential profile in the QPC region 1 '. The presence of 
the compressible regions does not destroy the interference 
in the integer QH regime', because of the same nature 
of the carriers in both types of the strips. The effective 
interferometer area is, however, defined by the screening 
of the edge potential in the compressible regions 5,11 . 



The situation is more intriguing in the fractional QH 
regime. To preserve the phase coherence, the inter- 
ference paths should be defined by the states of the 
same type, which is not obvious at the fractional QH 
edge. Compressible regions separate incompressible QH 
states, which are at different local fractional filling fac- 
tor o 12 i 13 ' 14,15 ' 16 . Each fractional incompressible strip is 
described by its own ground state, elementary excita- 
tions, and the collective edge excitation mode s 13 ' 14 ! 17 ' 18 . 
On the other hand, the compressible regions are con- 
structed from "normal" electron s 12 ' 13 . Thus, it is still 
an open question, how the compressible/incompressible 
strips structure affects the phase coherence at the frac- 
tional QH edge. 

Here, we experimentally investigate interference ef- 
fects in transport across a single incompressible strip 
at the edge of the quantum Hall system by using a 
Fabry-Perot type interferometer'. The applied experi- 
mental geometry allows us to independently demonstrate 
the presence of the incompressible strip at the sample 
edge and to study interference effects in transport across 
it. We find the interference oscillations in transport 
across the incompressible strips with local filling factors 
v c = 1,4/3,2/3 even at high imbalances, exceeding the 
spectral gaps. In contrast, there is no sign of the interfer- 
ence in transport across the principal Laughlin v c = 1/3 
incompressible strip. This indicates, that even at frac- 
tional v c , the interference effects are caused by "normal" 
electrons, supporting the earlier prediction 1 '. The oscil- 
lation's period is determined by the effective interferom- 
eter area, which is sensitive to the filling factors because 
of screening effects. 

II. SAMPLES AND TECHNIQUE 

The goal of this experiment is to extend the interfer- 
ence investigations in co-propagating environments 5 - into 



the fractional QH regime. For this reason, we concen- 
trate here on the most important features. The details 
of the interferometer scheme 5 - can be found in the Ap- 
pendix section. The well-established methods of the in- 
vestigations in the quasi-Corbino geometr y 19 i 20 are also 
described there. 

Our samples are fabricated from a molecular beam 
epitaxially-grown GaAs/AlGaAs heterostructure. It con- 
tains a 2DEG located 200 nm below the surface. The 
2DEG mobility at 4K is 5.5 • 10 6 cm 2 /Vs and the car- 
rier density is 1.63 • 10 n cm~ 2 . Samples are patterned 
in the quasi-Corbino sample geometry^ with additional 
gate fingers structure in the gate-gap region 5 -, see Fig. Q] 
(a). 

In a quantizing magnetic field, at the bulk filling factor 
u, the compressible/incompressible strip structure is aris- 
ing at the mesa edges^, see Fig[T](b). The quasi-Corbino 
geometry provides direct investigations of the transport 
across a single incompressible strip with local filling fac- 
tor v c < v, which is determined by the split-gate, at high 
imbalances across the strip (see Appendix) . Gate fingers 
structure splits the interaction region into a number of 
smaller ones. An electron can be transferred across the 
strip v c at any region with some probability, or can go to 
the next region along the sample edge. If the structure 
dimension is smaller than the coherence length l c , the 
interference between the different paths is possible. 

A Fabry-Perot type interferometer— has serious advan- 
tages for fractional QH studies. First of all, it allows 
investigations in co-propagating environments for the in- 
terference paths 5 . Also, several interaction regions allow 
to increase the visibility. To obtain the interference, the 
width of the interaction region li nt should be significantly 
smaller than the coherence length l c and the equilibration 
length 21 l eg . They both are of the same order^i 5 -^! 2 ^ 2 ^ 
~ in the fractional QH regime, restricting li nt to 

extremely low values. 

Our investigations are based on the I — V measure- 
ments in the quasi-Corbino geometry 5 -^ (see Appendix) . 
There are two ways to study interference effects in trans- 
port across a single incompressible strip: 

(i) It is possible to directly reproduce the method of 
Ref. i. In this method, the current across the v c in- 
compressible strip is fixed. The voltage drop is traced, 
while changing the magnetic field withing the bulk QH 
plateau. Keeping the side-gate voltage constant allows to 
avoid the resistance fluctuations in charging the sample 
edge. This method is very accurate for small oscillations 
within the bulk QH plateau. It demands a wide and 
well-developed QH plateau under the gate, which should 
be verified by the magnetocapacitance investigations. It 
cannot be used beyond the bulk QH plateau. 

(ii) It is also possible to trace I — V curves at different 
magnetic fields, tuning the gate voltage to the center of 
the v c QH plateau. V(B) dependence can thus be recal- 
culated in this case at any current value. Tuning of the 
gate voltage affects the potential profile in the finger re- 
gions, which is diminishing the accuracy. This method is 
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FIG. 1: (Color online) (a) Schematic diagram of the sam- 
ple (not in the scale). The etched mesa edges are shown 
by thick solid lines. The outer sample dimension is about 
2x2 mm 2 . The inner etched regions (white) are approximately 
0.5x0.5 mm 2 . Light yellow (light gray) areas indicate the 
split-gate, that covers 2DEG around the inner etched regions 
and forms a 10 /jm width gate-gap region at the outer mesa 
edge. Light green (gray) area indicates uncovered 2DEG. 
The gate-gap region contains a side-gate finger structure, con- 
nected to the main gate. The lithographic width of each finger 
is w = 400 nm, they are separated by the U nt = 400 nm-wide 
interaction regions. Ohmic contacts are denoted by bars with 
numbers, (b) Schematic diagram of the electron liquid near 
a side-gate finger (see also Appendix). Light green (gray) 
areas are the incompressible regions at filling factors v = 2 
(in the bulk) and v a = g = 1 (the incompressible strip at 
the mesa edge). The latter is wider around a finger region. 
Compressible regions (white) are at the electrochemical po- 
tentials of the corresponding ohmic contacts, denoted by bars 
with numbers in part (a) . Bold lines with arrows indicate two 
possible paths for an electron around the finger region. The 
region within these paths defines the effective interferometer 
area. 

appropriate either beyond the bulk QH plateau for strong 
interference oscillations, or for the weak v c filling factors 
with narrow QH plateaux (like 4/3 in our experiment). 

Side-gate fingers are more appropriate for the frac- 
tional QH studies than the top-gate ones, because they do 
not affect the 2DEG quality in the finger regions. Stan- 
dard two-point magnetoresistance is used to obtain the 
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FIG. 2: (Color online) Oscillating behavior for the transport 
across v c = g = 1 integer incompressible strip, (a) Oscilla- 
tions within the v = 2 QH plateau (solid) for two contact com- 
binations (colors correspond to ones in Fig. [7J| . The measure- 
ment current equals I = 11.5 nA. Dash indicates exchange- 
enhanced Zeeman splitting change in this field range, (b) 
Oscillations above the v = 2 QH plateau for different cur- 
rents (7 changes from 2.3 nA to 11.5 nA with 1.15 nA step). 
The contact combination is of minimal resistance. Inset: po- 
sitions of the oscillations as a function of their indexes (open 
symbols) . Solid line indicates a linear fit with common period 
AB = 0.33 T. 



electron concentration in the ungated area and to test 
the contact behavior (below 100 f2 at low temperature). 
Magnetocapacitance measurements are performed to de- 
termine the available integer and fractional filling factors 
v c = g under the gate. Two different Ohmic contact 
combinations 1 ^ are tested to verify the results. There 
are no interference oscillations for the reference samples 
without the gate finger structure. The results are inde- 
pendent from the cooling cycle. The measurements are 
performed in a dilution refrigerator with a base tempera- 
ture of 30 mK, equipped with a superconducting solenoid. 



III. EXPERIMENTAL RESULTS: INTEGER QH 
REGIME 

First of all, we reproduce the results of Ref. [H at inte- 
ger fillings for the current side-gate fingers geometry, and 
extend them outside the bulk QH plateau. The consis- 
tency of two investigation methods, described above, is 
also tested in this regime. 

The result of the interference is presented in Fig. [2] 
(a) for integer filling factors v = 2, g — 1 for two different 
contact combinations. The curves are obtained by sweep- 
ing the magnetic field at the constant current. They 
demonstrate clear visible oscillations, equally spaced in 
the magnetic field, similar to Ref. [Sj. No such oscilla- 
tions can be seen for the reference samples without gate 
finger structure, where the signal follows the exchange- 
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FIG. 3: Main figure: oscillating behavior for transport across 
v c — g — 4/3 fractional incompressible strip for different cur- 
rents /. I changes from 5.75 nA to 11.5 nA with 1.15 nA step. 
Dash indicates the highest current / = 103 nA. The contact 
combination is of minimal resistance. Left inset: positions 
of the oscillations as a function of their index (open circles). 
Solid line fits experimental data with AB = 0.33 T period. 
Right inset: an example of the I — V curve (solid). It is typ- 
ical for transport through the fractional incompressible strip 
at high imbalances 22 . I — V curve is non-linear in the whole 
current range and goes above the equilibrium line (dash). 

enhanced Zeeman splitting dependence 24 (dash in the fig- 
ure). 

Fig.[2](b) demonstrates oscillations in transport across 
the v c = g = 1 incompressible strip outside the bulk 
v = 2 QH plateau. V{B) dependencies are obtained 
by recalculating from the I — V curves, which are taken 
with 83.5 mT step in magnetic field. The main behavior 
of the V(B) dependencies differs from one within the 
v = 2 QH plateau. V(B) jumps up at the plateau edge 
and is rising non-linear at higher fields. The oscillation 
picture strongly depends on the measurement current: 
the minimum with the index 6 can only be seen at the 
lowest current, while the ones labeled as 5 and 8 are 
diminishing at low currents. 

The inset to Fig[2](b) shows the positions of the oscilla- 
tions as a function of their index. The data are obtained 
within v = 2 QH plateau (diamonds, from the part (a)) 
and above it (squares, from the main part (b) ). Experi- 
mental points can well be fitted by a single straight line, 
which corresponds to AB — 0.33 T for the period of the 
oscillations. It indicates that both experimental methods 
give consistent results for the interference in transport 
across the v c = 1 incompressible strip. 

IV. EXPERIMENTAL RESULTS: FRACTIONAL 
QH REGIME 

Fig. [3] shows the oscillations in transport across the 
fractional v c = 4/3 incompressible strip in the same field 
range. Experimental curves are qualitatively different 
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FIG. 4: (a) Oscillating behavior for transport across g = 
2/3 incompressible strip within the v = 1 QH plateau (solid) 
for two contact combinations (colors correspond to ones in 
Fig. |7J. The signal for the high- R curve is divided over 3. 
Dash demonstrates that there are no oscillations for g — 1/3 
(for the sake of the simplicity, only one curve is shown) . The 
measurement current equals I = 11.5 nA. The v = 1 bulk QH 
plateau ranges between 5.5 T and 8.2 T. (b) Positions of the 
oscillations as a function of their index (open circles). Solid 
line fits experimental data with AB = 0.5 T period. 



from the integer v c = 1 case, which seems to be a result 
of the qualitatively different I — V curve. The experimen- 
tal I — V curve is typical for the transport through the 
fractional incompressible strip at high imbalances^, as 
demonstrated in the right inset to Fig. [3j It is non- linear 
in the whole current range and goes above the equilib- 
rium line (dash). 

V(B) dependencies are recalculated from the I — V 
curves, which are taken with 83.5 mT step in magnetic 
field. Similarly to the integer v c = 1 case, V(B) behav- 
ior is different within v = 2 plateau and above it. V(B) 
jumps up at the plateau edge, and the oscillations are 
much more pronounced above v = 2 QH plateau. Ex- 
perimental curves in this region are very sensitive to the 
current, but the oscillations are clearly visible at any cur- 
rent. Above the v = 2 QH plateau, they even survive at 
extremely high currents (dash). The oscillation's period 
AB = 0.33 T is equal to one for the integer v c = 1 case, 
see the left inset to Fig. [3J 

The data in Fig Q] (a) correspond to the transport 
across v c = 2/3 (solid) or v c — 1/3 (dash) fractional 
incompressible strips. They are obtained by sweeping 
the magnetic field within the v = 1 integer QH plateau, 
at constant current and gate voltage. The data for v c — 
1/3, 2/3 are in the same magnetic field range and at the 
same configuration of the compressible/incompressible 
strips in the gate-gap region, because of the same v — 1 
in the bulk. Thus it is not surprising, that the curves are 
qualitatively similar: they are non-monotonic, and more 
or less symmetric in respect to the bulk v = 1 plateau 
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FIG. 5: Transport across g = 1/3 incompressible strip around 
the v = 2/3 bulk QH plateau (solid). No oscillations can be 
seen in the curves. The v — 2/3 bulk QH plateau ranges 
between 9.5 T and 10.7 T. 



center (B = 6.74 T). 

There is still a strong difference between experimen- 
tal curves for v c = 2/3 and v c = 1/3. Two curves 
for v c — 2/3 (solid, two different contact combinations) 
demonstrate oscillations while moving away from the 
v = 1 QH plateau center, see Fig. [4] (a). In contrast, 
there are no oscillations in transport across the v c = 1/3 
fractional incompressible strip (dash). The experimen- 
tal curve for v c = 1/3 is flat within the bulk v = 1 QH 
plateau and goes down at the plateau edges. 

We check, that there are no oscillations in transport 
across v c = 1/3 at higher fields (up to 11.7 T), around the 
bulk v = 2/3 QH plateau, see Fig. V(B) dependencies 
are recalculated from the I — V curves, which are taken 
with 83.5 mT step in magnetic field. The experimental 
V(B) curve is flat within the bulk v c = 2/3 QH plateau 
and is rising up at the plateau edges. Even if we attribute 
two deep minima at the v = 1 QH plateau edges in Fig. 0] 
(a) to the interference effects, there are no corresponding 
features in Fig. [5] neither in period, nor in the magnetic 
field positions. This behavior is completely contrary to 
one for v c = 1, see Fig.[5J which indicates, that we do not 
see interference effects at v c = 1/3. On the other hand, 
V(B) jump at the bulk plateau edge is not surprising (see 
Figs. I2I3P and seems to be determined by the screening 
effects^. 

The oscillations at v c — 2/3 are situated to both sides 
from the center of the v = 1 QH plateau. It is difficult to 
say anything about the center itself. There is some sign 
(marked by "?") at the curve that belongs to the mini- 
mal resistance contact combination, see Fig. 2] (a). There 
is, however, nothing for the other curve. Other oscilla- 
tions are similar for both curves. Fig.[4](b) demonstrates 
a linear fit of the oscillation positions (circles). It gives 
the oscillation's period to be equal to AB = 0.50 T. It 
is supposed in the figure, that there is a missing oscilla- 
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tion at the center of the v = 1 plateau, which is strongly 
supported by the high quality of the linear fit. In the op- 
posite case the period would be even higher than 0.50 T, 
so it is clearly different from the v c = 1,4/3 cases. 

We have no data for the transport across v c — 2/3 
above the bulk v = 1 plateau, because in the present 
samples the bulk v = 1 QH plateau is very close to the 
next bulk v = 2/3 QH plateau. It makes to be impossible 
to study transport across v c = 2/3 above v = 1. 



DISCUSSION 
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We can summarize our experimental results: (i) while 
sweeping the magnetic field, we see interference oscil- 
lations in transport through the v c = 1 integer and 
v c = 4/3,2/3 fractional incompressible strips. No oscil- 
lations can be seen in transport across v c = 1/3. (ii) The 
observed oscillations are periodic in the magnetic field. 
The period is the same for transport across v c — 1,4/3 
and equals to AB = 0.33 T. The period is greater in 1.5 
times for transport across the v c = 2/3 incompressible 
strip, (iii) The interference oscillations can be observed 
at high imbalances. The applied imbalances exceed the 
spectral gap in the v c incompressible strip. 

It seems to be quite natural to formulate, that we ob- 
serve the interference of quasiparticles with fractional 
charge e*. The oscillation's period is given 2 - by AB — 
h/e*S, where S is the interferometer area. The differ- 
ence in the oscillation's periods can thus be attributed 
to different quasiparticle charges e* for the filling factors 
v c = 1,2/3,4/3. However, a deeper analysis is impor- 
tant, because the oscillations are present only at filling 
factors v = 2/3,4/3 not from the principal Laughlin se- 
quence. Also, the effective interferometer area S can not 
be regarded as constant in our experiment. 

Let us start from the simplest case of integer v c = 1. 
The interference effects can only be seen at high imbal- 
ances across the v c = 1 incompressible strip*, in contrast 
to the experiments^^. At high electrochemical imbal- 
ance, which is about the spectrum (Zeeman) gap A c , the 
flat-band situation is realized at the sample edg o 19 ' 20 , see 
Fig. [6] (a,b). Electrons can be transferred across the in- 
compressible strip by tunneling along the same energy 
level^ 7 -. The electron's spin flip is not necessary in this 
case, so the transfer process is partially coherent in two 
neighbor interaction regions. The interference paths are 
formed by transport across the edg o 19 ' 20 ' 22 in the interac- 
tion regions and by the transport along the outer borders 
of the incompressible strip a 25 i 26 between the interaction 
regions, see Fig. Q] (b) and Appendix. 

The situation is more complicated in the fractional 
QH regime. Every fractional incompressible strip 
is characterized by the many-body ground state, el- 
ementary excitations, and edge collective excitation 
modes^^ ' 13 ! 14 ' 17 ! 18 . The incompressible strip separates 
two compressible ones, which are constructed from "nor- 
mal" electrons at the Fermi level, with the same spin and 



FIG. 6: Schematic diagram of the energy levels in the ac- 
tive sample area. Filled circles represent the fully occupied 
electron states in the incompressible strip (2) and in the 
bulk. Half-filled circles indicate the partially occupied elec- 
tron states in the compressible strips (1 and 3). Open circles 
are for the empty states. A c is the potential jump in the v c 
incompressible strip. Pinning of the Landau sublevels to the 
Fermi level (shot-dash) is shown in the compressible regions 
at electrochemical potentials fii and /i3. (a) Integer filling 
factors v = 2,g = 1. Equilibrium situation ^13 = fj,i, no 
electrochemical imbalance is applied across the incompress- 
ible strip, (b) Integer filling factors v = 2,g = 1. Flat-band 
conditions for the electrochemical imbalance /13 — fii = A c . 
Arrow indicates a new way for an electron along the energy 
level, without spin flip, (c) Fractional filling factor v c = 1/3. 
Equilibrium situation ^3 = pii, no electrochemical imbalance 
is applied across the incompressible strip. A single-particle 
picture of electron levels is not applicable within the frac- 
tional incompressible strip, which is indicated by the gray 
region, (d) Fractional filling factor v c = 1/3. High electro- 
chemical imbalance is applied across the incompressible strip. 
Arrow indicates adding an electron to the fractional state. 



Landau indexes, see Fig. [6j (c). In contrast to the inte- 
ger situation, the charge transfer across the fractional 
incompressible strip can not be described in a single- 
particle picture. Adding an electron to the fractional 
edge leads to the creation of several fractional elementary 
excitations within the strip. The edges of the fractional 
strip are characterized by collective mode o 13 ' 18 , which 
are excited if an electron is added to the fractional edge 
or removed from it. These collective modes define the 
tunnel density of state o 18 i 22 ' 28 i 29 , which is reflected in a 
power-law I — V curv o 22 ' 28 i 29 ' 30 (see also the right inset 
to Fig. El). 

We do not see interference effects in transport across 
the incompressible strip at principal Laughlin 1/3 fill- 
ing factor. On the other hand, there are clear visi- 
ble oscillations in transport across 2/3 and 4/3 strips. 
The fractional QH states 2/3 and 4/3 are very similar 
in Laughlin's&i 7 -^ theory. In contrast to the principal 
1/3 state, they are constructed as a quasi-hole (or, cor- 
respondingly, quasi-electron) ground state at filled first 
Landau level. The ground state structure is reflected in 
the excitation spectrum^ 7 -. The edge gapless modes also 
follow for the ground state structure of the fractional 
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strip 3 i 17 ' 18 . There is only one excitation branch for the 
principal Laughlin 1/3 filling factor. However, there are 
two excitation branches for the non-principal states like 
2/3 and 4/3, because of the ground state structure. It 
is important, that in these cases one excitation branch 
belongs to electrons from the filled Landau leve l 17 ' 18 . 

We can summarize, that the interference oscillations 
are observed in transport between two compressible 
strips, constructed from electrons. It is an electron, which 
is transferred across the incompressible strip even for the 
fractional v c . The phase coherence is provided by the 
electron excitation modes in this case. 

The obtained period of the oscillations AB is only de- 
termined by the interferometer effective area S. It can 
vary for different filling factors, because of screening at 
the sample edge. The effective area S is defined by the 
effective width w of the finger region and by the corre- 
sponding length L across the edge in Fig. [1] (b). The 
latter is the sum of the compressible and incompressible 
strips widths in the finger region. Both w and L are sen- 
sitive to the screening effects at the sample edge. They 
are dependent^ not only on the v c filling factor, but also 
on the filling factor in the bulk v. It may be a reason to 
obtain the same oscillation's period AJ5 = 0.33 T for the 
v c = 1 and v c — 4/3, because of the same bulk filling. 
The oscillation's period AB = 0.33 T allows to estimate 
the effective area to S ~ 10~ 2 ^m 2 . The oscillation's 
period is in 1.5 times higher for v — 1, g = 2/3, that cor- 
responds to the 1.5 smaller effective area for v c = 2/3. 
This is, possibly, because of the smaller v c = 2/3 and 
v = l. 

The above considerations support the earlier predic- 
tion^, that the interference experiment at the smooth 
sample edge is not sensitive to the fractional charge. 
They can not be directly applied to other types of in- 
terferometers^^, because of different experimental ge- 
ometry. We believe, however, that the presence of the 
compressible regions and screening effects should be im- 
portant in these experiments also. 



VI. CONCLUSION 

As a conclusion, we experimentally investigated inter- 
ference effects in transport across a single incompressible 
strip at the edge of the quantum Hall system by using 
a Fabry-Perot type interferometer-. The applied experi- 
mental geometry allows us to independently demonstrate 
the presence of the incompressible strip at the sample 
edge and to study interference effects in transport across 
it. We found the interference oscillations in transport 
across the incompressible strips with local filling fac- 
tors v c = 1,4/3,2/3 even at high imbalances, exceed- 
ing the spectral gaps. In contrast, there was no sign of 
the interference in transport across the principal Laugh- 
lin v c = 1/3 incompressible strip. This is a strong evi- 
dence, that even at fractional v c , the interference effects 
are caused by "normal" electrons, supporting the earlier 



prediction^. The oscillation's period is determined by 
the effective interferometer area, which is sensitive to the 
filling factors because of screening effects. 
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VII. APPENDIX. EXPERIMENTAL DETAILS 

Samples are patterned in the quasi-Corbino sample ge- 
ometryAS, with additional gate fingers structure in the 
gate-gap region^, see Fig. [TJ (a) . Each sample has two 
macroscopic (w 0.5 x 0.5mm 2 ) etched regions inside. 
Ohmic contacts are made to both the inner mesa edges 
and to the outer one. A split-gate, encircling the etched 
regions, is used to connect these independent mesa edges 
in a controllable way. The gate-gap region at the outer 
mesa edge is of microscopic size (10 /xm in the present 
samples). Standard two-point magnetoresistance is used 
to obtain the electron concentration in the ungated area 
and to test the contact behavior (below 100 at low tem- 
perature). Magnetocapacitance measurements are used 
to determine the available integer and fractional filling 
factors g under the gate. 

In a quantizing magnetic field, at the bulk filling fac- 
tor v, the compressible/incompressible strip structure is 
arising at the mesa edgesiS, see Fig [TJ (b). By deplet- 
ing 2DEG under the gate to a lower integer or fractional 
filling factor g < u, some of the strips (with local filling 
factors v c > g) are redirected to another mesa edge. The 
others with v c < g are still at the etched mesa edges. A 
single incompressible strip with v c = g is directly con- 
nected to the incompressible QH state under the gate. 
As a result, it separates the compressible strips, origi- 
nating from inner and outer mesa edges in the gate-gap 
region. These compressible strips are at the electrochemi- 
cal potentials of the corresponding Ohmic contacts^. By 
applying dc bias to them, we directly apply it across the 
incompressible strip with v c = g. As a result, the quasi- 
Corbino sample geometry 1 ? allows to directly detect the 
incompressible strip with the local filling factor v c at the 
sample edge and to study transport across it. 

A side-gate finger structure is made along the mesa 
edge in the gate-gap region, see Fig. [TJ (cp. Ref. |5J). The 
structure is formed by 10 fingers of the width w = 0.4/im, 
separated by 0.5/im intervals. Side-gate fingers are con- 
nected to the main gate, so they are at the negative gate 
potential. It moves 2DEG away from the edge in the fin- 
ger region and thus increases the depletion region at the 
edge, making the edge profile smoother. In other words, 
the negative finger potential repels the strips away from 
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FIG. 7: (Color online) I — V curves (solid) for filling fac- 
tors v = 2,g = 1. (a) -T — V traces at the center of v = 2 
QH plateau (B = 3.34 T) for two different contact combi- 
nations (red for the high R £q = 2h/e 2 and blue for the low 
Req = 0.5h/e 2 contact combinations). The linear fit of the 
positive branches gives equilibrium slopes R = 2/i/e 2 , 0.5/i/e 2 
but slightly different threshold voltages Vth = 0.49 mV and 
Vth = 0.43 mV. The onset voltage is equal for both curves, 
(b) I — V evolution while changing magnetic field from 2.51 T 
to 3.93 T with 83.5 mT step. The contact combination cor- 
respond to the minimum equilibrium resistance. Curves are 
shifted vertically on 0.1 mV for clarity. Blue dash-dot is the 
curve at the center of the plateau, depicted in (a) part (blue 
solid) . 

the edge and makes them wider, see Fig.[TJ (b). Thus, the 
side-gate finger structure modulates the transport prob- 
ability across the v c = g incompressible strip. Side-gate 
fingers are more appropriate for the fractional QH stud- 
ies than the top-gate ones^, because they do not affect 
the 2DEG quality in the finger regions. 

The dissipativeless (diamagnetic) current, flowing 
along the sample edge, is carried in the incompressible 
regions only, because the group velocity is zero in com- 
pressible region s 25 ' 26 . Out of balance, however, the bor- 
der position between the compressible and incompressible 
strip is changed. It is the electrons in this region that 
define the transport current along the sample edg e 25 ' 26 . 
The transport across the sample edge is carried by tun- 
neling through the incompressible strip and by diffusion 
within the compressible strip. For our experimental ge- 



ometry, an electron can more likely be transferred across 
the incompressible strip between the two finger regions, 
or can go to the next interaction regional, see Fig.[IJ (b). 
For a particular electron it is impossible to predict the 
path. If the finger region width w is smaller than the 
coherence length l c , the transport current is determined 
by the sum of the path's probabilities. The phase shift 
between the paths can be controlled by the magnetic field 
sweep^. 

We study I—V curves in four-point contact scheme, by 
applying a dc current between one pair of inner and outer 
contacts (1-3 or 2-4 in Fig. [IJ (a)), and measuring the dc 
voltage between another pair of inner and outer contacts 
(2-4 or 1-3, correspondingly). These two contact com- 
binations are characterized by the minimum (the former 
combination) or by the maximum (the other one) equi- 
librium resistance s 9 ' 19 . 

The experimental I — V curves are shown in Fig. [7] 
for integer filling factors v = 2, g = 1. Each curve is 
strongly non-linear and asymmetric, as it is usual for 
the transport across the integer incompressible strip 19 . 
The positive branch starts from the onset voltage V on ~ 
0.5 mV. It is linear above V on with equilibrium slope 
R = 0.5h/e 2 or 2h/e 2 , see Fig.0 (a). R is defined by the 
particular contact combination and can be easily calcu- 
latedi 9 -. One feature is specific for samples with the gate 
finger structure in the gate-gap: extrapolation of the pos- 
itive branch to zero current gives the threshold voltage 
Vth , which differs from the onset voltage V on . The reason 
is obvious: onset voltage V on is defined by the potential 
jump in the v c incompressible strip only, and is the same 
for different contact combinations, see Fig. [71 (a). It fol- 
lows the Zeeman splinning while increasing the magnetic 
field. Vth j determined from the extrapolation, reflects 
the threshold for the flowing current. It is sensitive to 
the interference conditions 5 , so Vth oscillates around V on 
while sweepping the magnetic field. 

In Fig. [7j (b) the evolut ion of the I — V curve is shown 
while moving along v — 2 QH plateau and keeping g = 1 
under the gate. The slope of the positive branch R is 
constant around the center of the v — 2 plateau, while 
it is higher at the plateau edges. It can be seen from 
Fig. [7] (b), that R is rising for high currents first, that 
leads to the 'kink' on the I — Vs. Thus, we can expect 
the results to be independent from the particular current 
value within the QH plateau, while there should be some 
dependence at the plateau edges and beyond them. For 
this reason, the methods of the interference investigations 
should be different within the QH plateau and beyond it, 
as described in the main text. 
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